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Description 

Field of the Invention 

[0001] The invention relates to a process for the prep- 
aration of an emulsion or dispersion with controlled 
shape of the dispersed phase, which process comprises 
the steps of mixing, deformation and fixation. 

Background of the invention 

[0002] Compositions comprising a dispersed phase 
are encountered for example in food products such as 
creams, margarine, butter, mayonnaise, dressings, 
sauces and other food emulsions, and in other compo- 
sitions such as skin creams, moisturising lotions, sun 
screens, shampoos and deodorants. 
The Theological characteristics of these compositions to 
a large extent depend on the composition, texture and 
shape of the dispersed phase. The dispersed phase can 
also serve as a carrier for functional compounds such 
as perfumes. 

[0003] EP^A-432835 discloses fluid compositions 
comprising at least one chemically setting gelling agent. 
The compositions can be obtained by shearing a liquid 
containing a chemically setting gelling agent, while ge- 
lation occurs. The compositions comprise gel particles 
having a mean diameter of preferably less than 100 mi- 
crometer. Such compositions allegedly possess favour- 
able rheological properties. The compositions obtained 
by the process disclosed in this document will show a 
not well controlled size distribution and irregular shapes 
without control due to a mixture of flow types being 
present in the flow inducing apparatus. The shear induc- 
ing apparatus are A units and C units which impart tur- 
bulent flow. EP-A-432835 discloses explicitly that the 
microgels present in this composition are preferably ir- 
regularly shaped. 

EP-A-432835 does not disclose how the rheological 
properties of the claimed fluid compositions can be ad- 
justed to the desired ones, nor does this document pro- 
vide any teaching how a composition with well defined 
properties can be obtained. 

[0004] Furthermore Tolstogusov, Gums and Stabilis- 
ers for the food industry, 8, Oxford univ press 1 006, pag- 
es 151-160, ISBN 0199636273 discloses that protein 
precipitates can be made by imparting shear to a protein 
containing phase separated system. The shear condi- 
tions are not specified in this document. The fibrous pro- 
tein precipitates are applied in foods. A disadvantage of 
these systems is that they are not homogeneous. The 
phase separation leads to inhomogeneous systems 
which can not impart the desired rheological parameters 
to food compositions. 

[0005] Therefore it is an object of the current invention 
to provide a process for preparing a composition com- 
prising a dispersed phase, wherein the properties of the 
composition can be carefully controlled. 



Definition of the invention 

[0006] It has surprisingly been found that a process 
wherein a composition comprising a dispersed phase is 

5 subjected to a specific flow regime in combination with 
a deformation and a fixation treatment, leads to products 
whose properties can be carefully controlled. 
[0007] Therefore the invention relates to a process for 
the preparation of a composition comprising at least two 

10 phases, a first phase which is a continuous phase and 
a second phase which is a dispersed phase, said proc- 
ess comprising the steps of 

a) providing the continuous phase material in a fluid 
is form 

b) providing the dispersed phase material 

c) combining the continuous phase material and the 
dispersed phase material, preferably by adding the 
dispersed phase to the continuous phase, resulting 

20 in a composition comprising at least two phases, 

d) subjecting the composition to a deformation 
treatment by flow, 

e) subjecting the composition to a fixation treat- 
ment, wherein step (e) is carried out during or after 

25 step (d) and 

wherein the deformation treatment is selected from 
shear flow, elongationalflow or a combination of thereof. 
[0008] In a second aspect the invention relates to a 
30 composition obtainable by the claimed process and to 
a food product comprising such composition. 
[0009] In a further aspect the invention relates to an 
apparatus suitable for use in the claimed process. 

35 Detailed description 

Description of the figures: 
[0010] 

40 

Figure 1 shows various flow types 

Figure 2 shows a schematic drawing of the claimed 

apparatus 

Figure 3 shows a 4RM used in the examples 
45 Figure 4 shows starting point 1 and 2 (see exam- 
ples) and various fixation zones (see examples). 
Figure 5 shows several possible shapes and their 
roundness or circularity shape factors. 

50 [0011] Monodisperse droplet size distribution is de- 
fined as mentioned in the Encyclopedia of emulsion 
technology, page 70-73 (Edited by P. Becher, 1983). 
According to this definition a o2 of less than 0.2 is char- 
acteristic for a monodisperse droplet size distribution. 

55 [001 2] The current invention enables the formation of 
a well defined dispersed phase shape by combining a 
dispersed phase and a continuous phase such that the 
dispersed phase follows a predetermined particle track 
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along which the dispersed phase experiences a well de- 
fined shear and/or elongational flow history. This history 
is believed to determine the extent of deformation and 
hence the shape of the dispersed phase. 
[001 3] The claimed process relates to the preparation 
of a composition comprising at least two phases. These 
two phases are a continuous phase and a therein dis- 
persed phase. 

[0014] The dispersed phase is preferably present in 
the continuous phase in the form of discrete regions. 
The size of the dispersed phase shapes is determined 
by the D 3f2 , which is determined using a Malvern Mas- 
tersizer or an apparatus with similar functionality, as de- 
scribed in the examples. 

[0015] In the context of the invention a completely re- 
laxed dispersed phase particle is in the form of a sphere. 
All further forms are deformed shapes that can be ob- 
tained by exerting energy to the system, for example in 
the form of shear or elongational flow or combinations 
thereof. A particle is partly relaxed if it is not yet in the 
form of a perfect sphere. 

[0016] In the process according to the invention, at 
least two phases are combined. Preferably these two 
phases are not miscible such that dispersed droplets of 
one phase in the other are formed upon combining the 
two phases. Preferably the two phases are different in 
composition whereby each is selected from the group 
comprising aqueous phase, aqueous phase comprising 
a gelling agent, oil phase, polar and non polar liquids. 
It is considered that it is within the general capability of 
a skilled person to select immiscible phases. 
[0017] Examples of immiscible phases for the pur- 
pose of the invention include: 

an oil phase and aqueous phase; the aqueous 
phase may for example be (partly) gelled or viscosi- 
fied 

an aqueous phase and a phase based on polyeth- 
ylene glycol 

an aqueous phase comprising a gelling agent and 
an aqueous phase essentially free of a gelling 
agent, 

an aqueous phase comprising a gelling agent and 
an aqueous phase comprising another gelling 
agent that results in gelling of the second phase at 
a different moment than the first phase 
oil phases having different polarity 

[0018] In step (a) of the process according to the in- 
vention the continuous phase material is provided in a 
fluid form. In the context of the invention fluid is defined 
as pumpable and/or flowable, preferably having a vis- 
cosity of from 0.001 Pa.s to 10 Pa.s at a temperature 
between -20 and 80 °C and a shear rate between 0.01 
and 10 s* 1 as measured by well known, common meth- 
ods such as decsribed in textbooks on rheology e.g. 
Rheology: Principles, Measurements and applications, 
C.W. Macosko, VCH Publishers, Inc 1994. 



[0019] The continuous phase material can be fluid as 
such or may be brought in this state for example by tak- 
ing any suitable measures such as heating, cooling or 
a chemical reaction. 
5 [0020] The dispersed phase material is provided in 
step (b) of the claimed process. The dispersed phase 
material may be in any physical state, whereby a fluid 
state as defined above is highly preferred as this ena- 
bles a relatively easy combination of the two phases. 
[0021] In step (c) the two phases are combined. The 
combining can be realised by any suitable method, for 
example by pouring or pumping one phase into the other 
under stirring or by injection of one phase into the other. 
It is highly preferred that the dispersed phase is added 
to the continuous phase. 

[0022] The combination in step (c) preferably results 
in a composition which comprises a continuous phase 
and a dispersed phase, which dispersed phase is 
present in the form of droplets, characterised by a mon- 
odisperse droplet size distribution. The term monodis- 
perse droplet size distribution is described above. It was 
found that starting from a monodisperse droplet size dis- 
tribution of the dispersed phase, enables accurate con- 
trol of the final particle shape and size after deformation 
and fixation, thus leading to products with well defined, 
controlled, rheological properties. 
[0023] The preferred monodisperse droplet size dis- 
tribution can be obtained by carefully selecting the con- 
ditions under which the dispersed phase and the con- 
tinuous phase are combined. 

A suitable technique for obtaining a monodisperse drop- 
let size distribution is for example based on the theory 
by Rayleigh - Taylor on instability which can be observed 
when one phase, the dispersed phase, is injected into 
another phase, the continuous phase ( this feature is for 
example described by Walstra et al in Encyclopaedia of 
emulsion technology, 1983, volume 1, page 76). Alter- 
natively injection of droplets of a specific volume of dis- 
persed phase into the aqueous phase is possible. 
In the Rayleigh- Taylor based method, the relative ratio 
of the flow speed of the dispersed phase and the flow 
speed of the continuous phase was found to influence 
the droplet size, in combination with the diameter of the 
nozzle through which the dispersed phase is pumped 
into the continuous phase. 

[0024] In an even more preferred embodiment, the 
dispersed phase is added to the continuous phase con- 
tinuously, as far as the equipment allows. 
[0025] Preferably in step (c) the dispersed phase is 
injected or pumped into the continuous phase such that 
the dispersed phase follows a pre-determined track. 
[0026] It was found that for the latter method of de- 
fined droplet injection, the point of addition of the dis- 
persed phase to the continuous phase may decrease 
potential uncontrolled deformation. 
[0027] Therefore, preferably for the injection method, 
the dispersed phase is added to the continuous phase 
in a stagnation zone. A stagnation zone is a zone where- 
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in there is no or very limited flow of the continuous 
phase. 

[0028] In step (d) the composition is subjected to a 
deformation treatment by shear flow or elongational flow 
or a combination of these. 

[0029] I n the context of the invention shear flow is de- 
fined as planar flow as shown in figure 1a. Elongational 
flow is defined as hyperbolic, biaxial flow as shown in 
figure 1b. 

It was found that only these two types of flow and com- 
binations thereof lead to a dispersed phase with control- 
led size and shape. 

A further definition of flow is also given in J. Fluid Mech, 
1986, vol 173, page 134, by Stone and Bentley. 
[0030] Weak laminar flow and turbulent flow are un- 
suitable for the process according to the invention. 
These types of flow are for example encountered in a 
scraped surface heat exchanger, a votator( A- unit), a pin 
stirrer (C- unit), a homogeniser and a rotorstator which 
are well known equipment for preparation of emulsions. 
Documents wherein these types of apparatus are ap- 
plied are for example US-A-5,659,000, EP-A-432,835, 
US-A-6,1 65.534 and WO-A-99/51716. The turbulent 
flow in these apparatus' is arbitrary and undefined. Their 
presence leads to the formation of particles with a ran- 
dom particle shape distribution whereas it is an object 
of the current invention to provide compositions with a 
defined particle shape distribution. This means that as 
a result of the process according to the current inven- 
tion, all dispersed phase droplets will have a common 
denominator defining their shape. Although the pres- 
ence of weak laminar flow and turbulent flow in a minor 
part of the fluid volume in which the particles are formed, 
is in most cases tolerable, they are preferably fully ab- 
sent. In a preferred embodiment, weak laminar flow and 
turbulent flow are present in at most 1 0% of the entire 
flow volume. Most preferred weak laminar flow and tur- 
bulent flow are entirely absent. 
[0031] The combination of shear flow and elongation- 
al flow enables the formation of a range of particle 
shapes. Purely elongational flow will lead to deformation 
of a dispersed phase in the form of ellipsoids, turning 
into long filaments if the flow is maintained sufficiently 
long. 

[0032] It will be appreciated that the deformation of 
the dispersed phase droplets is effective only as long as 
the deformation treatment lasts. Therefore a fixation 
treatment is required to fix the dispersed phase shape 
and size as desired. The shape and size can be carefully 
controlled by selecting the moment at which fixation 
takes place, preferably in combination with the speed of 
fixation. 

[0033] In the process according to the invention, the 
dispersed phase, the continuous phase or both can be 
subject to the fixation. Preferably the dispersed phase 
is subject to fixation . Fixation of at least one of the phas- 
es can be partial or full fixation. Hence part of the phase 
volume can be fixed or the entire volume can be fixed. 



If the dispersed phase is fixed, it is possible that the fix- 
ation results in a (partial) coating of the dispersed phase 
at the interface between the continuous phase and the 
dispersed phase. According to a more preferred embod- 
iment, essentially all of the dispersed phase ingredients 
are part of the fixed structure. 

[0034] On the basis of the guidance provided below, 
the process according to the invention enables the for- 
mation of a dispersed phase with a well defined size and 
shape which leads to control of the rheological proper- 
ties of the final composition. 

[0035] Dispersed phase particles which result from a 
fixation prior to or at the beginning of the deformation 
treatment, are usually nearly spherical. This (nearly) 
spherical form is believed to be due to the short period 
of time during which the particle is susceptible to stress- 
es from the flow field. The fixation is preferably carried 
out such that the contents of the dispersed phase are at 
least partially fixed. 

[0036] Dispersed phase particles which are fixed after 
a substantial deformation treatment in a flow field, be- 
fore the strength of the flow field is reduced tend to have 
an ellipsoidal shape, wherein the aspect ratio (length di- 
vided by width) tends to be higher for those droplets 
which have been subjected to flow for a longer period 
of time. 

[0037] Dispersed phase particles that are fixed after 
the flow field strength has been reduced, tend to be com- 
plex in shape. 

It has been observed that a droplet of the dispersed 
phase which is subjected to deformation in a flow field, 
will relax once the strength of the flow field is reduced. 
Due to this relaxation the drop is no longer ellipsoidal in 
shape but tends to become irregular in shape and may 
for example obtain protruding arms. The latter applies 
especially for a combination of shear and elongational 
flow. By fixation during this relaxation treatment, the 
shape as obtained during fixation is set as the final 
shape. Also in this embodiment the continuous phase, 
the dispersed phase or (parts of ) both can be subject 
of fixation. However the fixation of the dispersed phase 
is highly preferred. 

In the method according to the invention kinetics of ge- 
lation and time of relaxation are carefully chosen to con- 
trol the formation of a dispersed phase with the desired 
shape. 

[0038] The fixation can be obtained in any suitable 
way. The fixation treatment is preferably selected from 
the group comprising a temperature treatment, chemi- 
cal fixation or crystallisation. The fixation method that is 
selected depends on the ingredient composition of the 
dispersed phase and of the continuous phase. 
[0039] Fixation by temperature treatment is selected 
if a gelling agent is used, whose setting is dependent on 
temperature. Examples of such gelling agents include 
gelatine, which sets at a temperature of below about 40 
°C and agar which sets at a temperature of below about 
45 °C (reference is made to Handbook of hydrocolloids, 
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edited by G.O. Phillips and PA Williams, published by 
CRC Press). Also proteins that gel/form a network by 
heat treatment are suitable for fixation by temperature 
treatment. 

[0040] It will be appreciated that the exact gelling tem- 
perature is determined, among others, by quality, salt, 
purity, concentration and pH. 
[0041] According to another embodiment, a chemical- 
ly setting gelling agent is used. By a chemically setting 
gelling agent is meant a component which, after being 
dispersed in another phase such as a liquid, will set to 
a gel when allowed to chemically interact with a supple- 
mentary active component, which active component is 
usually a cation, or which sets due to the occurrence of 
a chemical reaction such as oxidation. A gelling agent 
setting upon a pH change is also encompassed in the 
term chemically setting gelling agent. Examples of such 
pH dependent gelling agents are proteins which will 
generally set or precipitate at pH below the iso-electric 
point. 

[0042] In such cases where a chemically setting gel- 
ling agent is applied, chemical fixation is preferably ap- 
plied. 

Chemical fixation can be obtained by combiningthe gel- 
ling agent with a salt with an effective cation to form a 
salt of the gelling agent and the cation. The combination 
of the gelling agent with the cation may be realised by 
the addition of the cation as such or alternatively by con- 
verting a precursor compound, present in the phase 
comprising the gelling agent, orthe other phase, into the 
free, effective, cation. The cation is preferably selected 
from Ca 2+ and K + and mixtures thereof. The most pre- 
ferred cation is Ca 2+ . 

[0043] In an even more preferred embodiment, the 
gelling agent is selected from the group comprising gel- 
atine, k- carrageenan, pectin, iota-carrageenan, gellan, 
alginate, furcelleran or mixtures thereof, most preferably 
gelatine or k- carrageenan. 

[0044] According to another embodiment, fixation is 
obtained by crystallisation. This is for example suitable 
for compounds which crystallise upon cooling such as 
triglyceride oils. 

[0045] It will be appreciated that the kinetics of gela- 
tion are influenced by concentration of the gelling agent, 
and the entire composition including the influence of mi- 
nor components, viscosifiers and crystal habit modifiers. 
[0046] The process according to the invention is ap- 
plicable for compositions comprising at least two phas- 
es. It is possible to use mufticomponent systems which 
for example comprise more than one dispersed phase 
or more than one continuous phase. Multiplecontinuous 
phases can for example be obtained by addition. 
[0047] In a preferred embodiment, in the method ac- 
cording to the invention, a third phase is added, which 
is a dispersed phase. This phase may for example be 
present as a separate dispersed phase or may be 
present in the first dispersed phase. This phase may be 
added at any time in the process. 



[0048] In an even more preferred embodiment the in- 
vention relates to a process as claimed wherein the con- 
tinuous phase is based on triglyceride oils and a first 
dispersed phase comprises a gelling agent and a sec- 

5 ond dispersed phase comprises a gelling agent, where- 
in the setting of the first and the second gelling agent is 
obtained by different measures. 
In a most preferred process, the first gelling agent is a 
chemically setting gelling agent and the second gelling 

10 agent is a temperature dependent gelling agent. This 
combination of gelling agents enables the formation of 
products wherein two different dispersed phases are 
present. The size and shape of the two dispersed phas- 
es can be determined by varying the extent of shear and/ 

15 or elongation treatment and the moment in time at which 
fixation is carried out. 

[0049] The invention is for example suitable for shap- 
ing particle particles in the area of ceramics. 
[0050] In a further aspect the invention relates to a 

20 composition obtainable by the process according to the 
invention. Such compositions comprise a dispersed 
phase with a defined shape which originates from the 
controlled application of shear flow and/or elongational 
flow. The dispersed phase preferably is characterised 

25 by the presence of various points and/or axes of sym- 
metry. The dispersed phase has a shape which may be 
defined by the roundness of the particles. Roundness 
(in literature sometimes also called circularity, surface 
factor or compactness) is defined as: 

30 

Roundness - A jP"?™ter) a 

4n (projected area) 

35 [0051] Preferably the dispersed phase is character- 
ised by a roundness of from 1 .01 to 50, more preferred 
from 1.01 to 10, most preferred 1.1 to 5. A sphere will 
have a roundness of 1 and is excluded from the scope 
of the current invention. See further the roundness val- 

40 ues for several shapes in figure 5. 

[0052] Preferable from 90 to 1 00 number% of the dis- 
persed phase drops show the same roundness value 
and/or the same axes and/or points of symmetry. 
[0053] The products of the current invention differ 

45 over the documents cited above where turbulent flow is 
applied to a gelling composition to form so called 
sheared gels. The sheared gel products comprise an ir- 
regularly shaped dispersed phase with uncontrolled 
particle shape distribution. We have found that for such 

50 compositions there is no common characteristic of the 
dispersed phase in terms of axes or point of symmetry 
for the majority of dispersed phase drops. 
[0054] In another aspect, the invention relates to food 
products comprising a composition obtainable by the 

55 process according to the invention. 

[0055] In a further aspect the invention relates to an 
apparatus suitable for carrying out the above described 
process. Therefore the invention relates to an apparatus 
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comprising a flow chamber, wherein shear flow, elonga- 
tion flow or a combination thereof are exerted on the 
contents, said flow chamber comprising a means for 
supply of the continuous phase, means for addition of a 
dispersed phase or phases, means for controlling the 
flow speed and type, means for outlet of the combined 
phases, said apparatus further comprising means for re- 
ducing the flow strength, and means for obtaining fixa- 
tion. 

[0056] Preferably said apparatus comprises a stagna- 
tion point or zone. 

[0057] Figure 2 shows a schematic set up of such ap- 
paratus. 

[0058] An example of a suitable apparatus is a 4-roll 
mill, fitted with an outlet for the fluid content which is 
constructed such that it has a suitable means for reduc- 
ing flow strength, which provides relaxation of the de- 
formation strength of the flow, connected with a means 
suitable for fixation of at least one of the phases. 
[0059] A 4-roll mill consists of four rotating rollers ver- 
tically placed in a basin of liquid. A 4-roll mill is described 
e.g. in Rheological Phenomina in Focus, page 124, by 
D.V. Bogerand K. Waiters, published 1993, Elsevier sci- 
ence publishers and in J. colloid Science, 16, 210-237, 
(1961), by FD Rumscheidt and Mason. The device can 
be used to create pure elongational flow and by varying 
the rotation speed of the individual rollers, any desired 
combination of shear flow and elongational flow can be 
obtained. Also pure shear flow can be created. 
[0060] Another example of a suitable apparatus is an 
opposed jets device disclosed by Jos Janssen (Thesis 
Eindhoven Univeristy the Netherlands, publicly defend- 
ed 2 November 1 993, "Dynamics of liquid-liquid mixing", 
appendix B, page 100). 

[0061] The means suitable for obtaining fixation can 
for example be selected from the group comprising a 
heating element, a cooling system, means for supplying 
a composition to the continuous phase flow, and com- 
binations thereof. 

[0062] The means providing relaxation can for exam- 
ple be formed by a broadening of the outlet pipe for the 
deformed composition. Broadening of the pipe while 
maintaining all other conditions constant, will lead to a 
reduction in flow stress and hence to at least partial re- 
laxation of the dispersed phase structures. 
[0063] In a preferred embodiment, the apparatus is 
composed such that the inlets and outlets can be adapt- 
ed in length and position angle with respect to a central 
body of the apparatus. For example shortening of the 
outlet pipe may lead to a different type of shape being 
formed. 

[0064] In a preferred apparatus, the flow chamber is 
a 4-roll mill, which is provided with means for supply of 
the continuous phase and means for addition of a dis- 
persed phase in a stagnation zone, means for outlet of 
the continuous phase, and a pipe broadening for reduc- 
ing the flow strength followed by a temperature setting 
element for fixation. 



[0065] The invention will now be illustrated by the fol- 
lowing non-limiting examples. 

Examples 

5 

Materials 

[0066] Gelatine obtained from Extraco, Klippan, Swe- 
den, in granular form with a Bloom strength of 250 was 
10 used as dispersed phase. 

[0067] This gelatine stems from the acid process 
which is one of the processes used for gelatine extrac- 
tion, and is characterised by an isbelectric point of be- 
tween 7.5 and 9 (Johnston Banks, 1990, Gelatine In 
15 Food Gels (Harris P. Ed) Elsevier applied science pub- 
lishers, London, New York, pp 233-289). The mean mo- 
lecular weight was 118kDa. To enhance contrast of the 
naturally transparent gelatine, solutions were stained 
with 0.03%Toluidine (Merck, Darmstadt, Germany). 
20 [0068] The continuous phase was silicon oil (poly- 
dimethoxysiloxane, PDMS) with a kinematic viscosity of 
5000mm 2 /s at 25 °C. The oil was purchased from Wack- 
er Chemie GmbH, Munich, Germany. At 5 °C the vis- 
cosity of the oil was 7.61 Pa.s (standard deviation was 
25 o.2 Pa.s). The viscosity measurement was performed in 
a Bohlin VOR Rheometer (Bohlin instruments, LTD, UK) 
using a co-axial cylindrical geometry. 

Methods. 

30 

[0069] The flow chamber used was a 4-roll mill (4RM) 
which is illustrated in figure 3. The 4RM consists of two 
parts, the lid and a basin. The grey, semitransparent part 
in figure 3 is the lid, to which four cylindrical rollers are 
35 attached. The rollers have a diameter of 45 mm and a 
height of 14 mm. The lid has an opening which enables 
addition and observation of drops and examination of 
the streamlines. Two motors (Maxon DC P 09) were at- 
tached to the lid of the 4RM. Each motor drives two di- 
40 agonal rollers. The roller speed was controlled by po- 
tentiometers. The depth of the basin is 20 mm. The ba- 
sin has a sandwich bottom which enables external tem- 
perature control of the system. In the middle of the basin, 
a glass window was placed to enable the passing of a 
45 light beam. 

[0070] The dimensions of the 4 RM are set to allow 
the adaptation to microscopes. 
The flows possible in a 4 RM are illustrated in Bentley 
et at, J. Fluid Mech, 1986, vol 173, pp 131-158. 
50 [0071] The basin was filled with the continuous phase 
and the rollers were immersed in the continuous phase. 
Enough oil was added to reach the top of the rollers. The 
temperature of the oil was kept constant at 5 +/- 0.5°C 
during all experiments. Gelatine drops were added to 
55 the oil by means of a pipette and a tailored mould for 
pipette tips, attached to the lid of the 4 RM. The mould 
controlled the position of the added drop to the 4 RM. 
To further control the position of the added drop and thus 
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the streamline it follows, a macro program was written 
in Contextvision microGOP 2000/s software to measure 
the position of the drop relative to the x/y system of the 
4 RM. The starting position of all drops was measured 
and, within one drop size, the standard deviation for the 5 
x and y direction for two positions 1 and 2 as indicated 
in figure 4 was never larger than 35 mm. 
[0072] The temperature of the gelatine was 60 °C. 
The pipette tips were pre-heated to 60 °C in order to 
avoid setting of gelatine in the pipette tips. After the ad- 
dition of the gelatine drops the rollers were started, and 
the dispersed phase drops became subject to different 
flow patterns during cooling and subsequent gel forma- 
tion in the 4RM. A CCD (charged coupled dipole) cam- 
era equipped with a macro-objective was used to follow 
and record the progress of the drop shape. One image 
was taken every 0.65 s. The starting position, drop size, 
gelatine concentration and roller speed (flow strength) 
were all varied according to table 1 . 



Table 1 



Variable 


values 


Starting position of the drop 


P1, P2 


Drop size (u.l) 

Drop size in diameter (mm) 


2.5, 5, 10 
1.68,2.12, 2.67 


Gelatine concentration (wt%) 


5, 7.5, 10, 15 


Roller speed (rpm) 


10, 15 



[0073] Two injection points, P1 and P2 were chosen 
for injection of the dispersed phase. The drop size and 
roller speed did not significantly affect the streamlines 
of the drops. When following the streamlines from P1 , 
the drop is subjected to pure elongational flow and when 
following the streamlines of P2, the drop is subjected to 
a mixture of shear flow and elongational flow. The resi- 
dence time of the drops in the 4 RM varied with the roller 
speed and starting position of the drops. 

Results 

[0074] Depending on the variable set up as given in 
table 1 , gel formation for the gelatine drops was com- 
pleted at different positions in the 4 RM. The zones 
where fixation took place are referred to as fixation 
zones. The different fixation zones are listed in figure 4. 
[0075] Drops that were fixated in zone 1 were found 
to be nearly spherical. In general it was found that small 
drops with high gelatine concentration will be fixated in 
zone 1 . The roundness value was between 1 and 1 .005. 
[0076] Drops that were fixated in zone 2 had an ellip- 
soidal shape. From the results of starting position P2 
and P1 it is concluded that the drops subjected to a mix- 
ture of shear flow and elongational flow have a smaller 
aspect ratio than drops submitted to pure elongational 
flow (P1 ). The roundness value was generally between 



1.11 and 4. 

[0077] Drops that were fixed in zone 3 show complex 
shapes. The mechanism for the complex shape forma- 
tion is believed to be based on elongation, relaxation 
and fixation. When the velocity gradients of the flow turn 
negative and relaxation starts, it is believed that gel for- 
mation has only taken place at the pointed ends and for 
a very thin layer on the surface of the drops. Thus, the 
complex form appears due to relaxation of the body of 
the drops, which causes a pinching effect of two protrud- 
ing arms. Under conditions of pure elongational flow 
(P1), the protruding arms were found to be orthogonal 
to the body of the ellipsoidal drop. Under conditions of 
mixed elongational flow and shear flow, the protruding 
arms were not right-angled but rather oriented accord- 
ing to the stream line they followed. The roundness val- 
ue was between 2.2 and 50. 

[0078] Drops that were fixated in zone 4, were found 
to show complex shapes, which are believed to depend 
to a large extent on thestate of relaxation forthe respec- 
tive drops. 

[0079] The above experiments show that the current 
invention enables creating a tailor made size and shape 
of a dispersed phase by adjusting the variables, type of 
flow, droplet size, extent of relaxation and speed/point 
of fixation. 



Claims 

1 . Process for the preparation of a composition com- 
prising at least two phases, a first phase which is a 
continuous phase and a second phase which is a 
dispersed phase, said process comprising the 
steps of 

a) providing the continuous phase material in a 
fluid form, 

b) providing material for the phase to be dis- 
persed, 

c) adding material for the phase to be dispersed 
to the continuous phase material resulting in a 
composition comprising at least two phases, 

d) subjecting the dispersed phase to a defor- 
mation treatment by flow, 

e) subjecting the dispersed phase to a fixation 
treatment, 

wherein step (e) is carried out during or after step 
(d) characterised in that the deformation treat- 
ment is selected from elongational flow or a combi- 
nation of shear flow and elongational flow. 

2. Process according to claim 1 wherein the composi- 
tion in step (c) comprises a continuous phase and 
a dispersed phase, which dispersed phase is 
present in the form of droplets, characterised by a 
monodisperse droplet size distribution. 
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3. Process according to claim 1 or claim 2 wherein in 
step (c) the dispersed phase is injected or pumped 
into the continuous phase such that the dispersed 
phase follows a pre-determined track. 

4. Process according to any one of the preceding 
claims wherein the fixation treatment is selected 
from the group comprising a temperature treatment, 
chemical fixation or crystallisation. 

5. Process according to any one of the preceding 
claims wherein the continuous phase is based on 
oil. 

6. Process according to any one of the preceding 
claims wherein the dispersed phase is an oil phase 
or an aqueous phase comprising a gelling agent. 

7. Process according to claim 6 wherein the gelling 
agent is selected from the group comprising gela- 
tine, K-carrageenan, pectin, iota-carrageenan, algi- 
nate, gellan, furcelleran or mixtures thereof, more 
preferably gelatine or K-carrageenan. 

8. Process according to any one of the preceding 
claims wherein fixation takes place after a first de- 
formation treatment, at a point in time when the de- 
formed droplets have relaxed partly. 

9. Process according to any one of the preceding 
claims wherein the dispersed phase comprises at 
least two phases, preferably an oil phase and an 
aqueous phase. 

10. Composition obtained by a process according to 
any one of the preceding claims. 

1 1 . Food product comprising a composition obtained by 
a process according to any one of claims 1-9. 

12. Apparatus comprising a flow chamber, wherein 
elongational flow or a combination of shearflow and 
elongational flow is exerted on the contents, said 
flow chamber comprising a means for supply of the 
continuous phase, means for addition of a material 
for the phase to be dispersed, means for controlling 
the flow speed and type, means for outlet of the con- 
tinuous phase, means for reducing the flow 
strength, and means for obtaining fixation. 

13. Apparatus according to claim 12, comprising a stag- 
nation point or zone. 



Patentanspruche 

1. Verfahren zur Herstellung einer Zusammenset- 
zung, die mindestens zwei Phasen umfasst, eine 



erste Phase, die eine kontinuierliche Phase ist, und 
eine zweite Phase, die eine dispergierte Phase ist, 
welches Verfahren die Schritte umfasst: 

5 a) Vorsehen des Materials der kontinuierlichen 

Phase in fluider Form, 

b) Vorsehen eines Material fur die zu dispergie- 
rende Phase, 

c) Zusetzen eines Materials fur die zu disper- 
se? gierende Phase zum Material der kontinuierli- 
chen Phase, was zu einer mindestens zwei 
Phasen umfassenden Zusammensetzung 
fuhrt, 

d) Unterziehen der dispergierten Phase einer 
15 Verformungsbehandlung durch Stromung, 

e) Unterziehen der dispergierten Phase einer 
Fixierbehandlung, 

wobei Schritt (e) wahrend Oder nach Schritt (d) 
20 durchgefuhrt wird, dadurch gekennzeichnet, 
dass die Verformungsbehandlung ausgewahlt ist 
aus einer Dehnstromung Oder einer Kombination 
von Scherstromung und Dehnstromung. 

25 2. Verfahren nach Anspruch 1 , wobei die Zusammen- 
setzung in Schritt (c) eine kontinuierliche Phase und 
eine dispergierte Phase umfasst, welche disper- 
gierte Phase in Form von Tropfchen vorliegt, ge- 
kennzeichnet durch eine monodisperse Tropf- 

30 chengroBenverteilung. 

3. Verfahren nach Anspruch 1 Oder Anspruch 2, wobei 
in Schritt (c) die dispergierte Phase in die kontinu- 
ierliche Phase eingespritzt Oder eingepumpt wird, 

35 so dass die dispergierte Phase einer vorbestimm- 
ten Bahn folgt. 

4. Verfahren nach einem der vorhergehenden Ansprii- 
che, wobei die Fixierungsbehandlung ausgewahlt 

40 ist aus der Gruppe umfassend eine Temperaturbe- 
handlung, chemische Fixierung Oder Kristallisation. 

5. Verfahren nach einem der vorhergehenden Ansprti- 
che, wobei die kontinuierliche Phase auf 6l basiert. 

45 

6. Verfahren nach einem dervorhergehenden Ansprii- 
che, wobei die dispergierte Phase eine Olphase 
oder eine wasserige Phase ist, die ein Geliermittel 
umfasst. 

50 

7. Verfahren nach Anspruch 6, wobei das Geliermittel 
ausgewahlt ist aus der Gruppe umfassend Gelati- 
ne, K-Carrageenan, Pektin, lota-Carrageenan, Al- 
ginat, Gellan, Furcelleran oder Mischungen davon, 

55 mehr bevorzugt, Gelatine oder K-Carrageenan. 

8. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei die Fixierung nach einer ersten Verfor- 
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mungsbehandlung zu einem Zeitpunkt erfolgt, 
wenn die verformten Tropfchen teilweise entspannt 
stnd. 

9. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die dispergierte Phase mindestens zwei 
Phasen, vorzugsweise eine Olphase und eine was- 
serige Phase, umfasst. 

10. Zusammensetzung, erhaiten mit einem Verfahren 
nach einem der vorhergehenden Anspriiche. 

11. Nahrungsmittelprodukt, umfassend eine mit einem 
Verfahren nach einem der Anspriiche 1 -9 erhaltene 
Zusammensetzung. 

12. Vorrichtung, umfassend eine Strdmungskammer, in 
welcher eine Dehnstromung oder eine Kombination 
aus Scherstrdmung und Dehnstromung auf den In- 
hatt ausgeubt wird, wobei die Stromungskammer 
ein Mittel zum Zuliefern der kontinuierlichen Phase, 
Mittel zum Zusetzen eines Materials fur die zu di- 
spergierende Phase, Mittel zum Steuern der Strd- 
mungsgeschwindigkeit und -art, Mittel zum Auslas- 
sen der kontinuierlichen Phase, Mittel zur Redukti- 
on der Strom ungsstarke und Mittel zum Erhalt einer 
Fixierung aufweist. 

13. Vorrichtung nach Anspruch 12, umfassend einen 
Stagnationspunkt oder eine Stagnationszone. 



Revendications 

1 . Procede de preparation d'une composition compre- 
nant au moins deux phases, une premiere phase 
qui est une phase continue et une deuxieme phase 
qui est une phase dispersee, ledit procede compre- 
nant les etapes consistant a : 

a) fournir le materiau de la phase continue sous 
une forme liquide, 

b) fournir le materiau pour la phase a disperser, 

c) ajouter le materiau pour la phase & disperser 
au materiau de la phase continue donnant une 
composition comprenant au moins deux pha- 
ses, 

d) soumettre la phase dispersee a un traite- 
ment de deformation par ecoulement, 

e) soumettre la phase dispersee a un traite- 
ment de fixation, 

dans lequel I'etape (e) est realisee pendant 
ou apres I'etape (d), caracterisee en ce que le trai- 
tement de deformation est choisi parmi un ecoule- 
ment d'elongation ou une combinaison d'un ecou- 
lement de cisaillement et d'un ecoulement d'elon- 
gation. 



2. Procede selon la revendication 1 , dans lequel la 
composition de I'etape (c) comprend une phase 
continue et une phase dispersee, laquelle phase 
dispersee est presente sous la forme de gouttelet- 

5 tes, caracterisee par une distribution de taille de 
gouttelette monodispersee. 

3. Procede selon la revendication 1 ou 2, dans lequel 
dans I'etape (c), la phase dispersee est injectee ou 

10 pompee dans la phase continue de sorte que la 
phase dispersee suive un chemin pr6-determine. 

4. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le traitement de fixation 

15 est choisi dans le groupe comprenant un traitement 
a une certaine temperature, une fixation chimique 
ou une crista! lisation. 

5. Procede selon I'une quelconque des revendications 
20 precedentes, dans lequel la phase continue est ba- 

see sur une huile. 

6. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la phase dispersee est 

25 une phase huileuse ou une phase aqueuse com- 
prenant un agent gelifiant. 

7. Procede selon la revendication 6, ans lequel I'agent 
gelifiant est choisi dans le groupe comprenant la ge- 

30 latine, la k-carragenine, la pectine, la iota-carrage- 
nine, I'alginate, le gellan, le furcelleran ou des me- 
langes de ceux-ci, plus pref enablement la gelatine 
ou la k-carragenine. 

35 8. Procede selon Tune quelconque des revendications 
precedentes, dans lequel la fixation a lieu apres un 
premier traitement de deformation, a un moment ou 
les gouttelettes deformees se sont partiellement re- 
laxees. 

40 

9. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la phase dispersee com- 
prend au moins deux phases, de preference une 
phase huileuse et une phase aqueuse. 

45 

10. Composition obtenue par un procede selon I'une 
quelconque des revendications precedentes. 

11. Produit alimentaire comprenant une composition 
50 obtenue par un procede selon I'une quelconque des 

revendications 1 a 9. 

12. Appareil comprenant une chambre d'ecoulement, 
dans lequel I'ecoulement d'elongation ou une com- 

55 binaison d'un ecoulement de cisaillement et d'un 
ecoulement d'elongation est exerce(e) sur les con- 
tenus, ladite chambre d'ecoulement comprenant un 
moyen pour fournir la phase continue, un moyen 
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d'addition d'un materiau pour la phase a disperser, 
un moyen de controle de la vitesse et du type 
d'ecoulement, un moyen de sortie de la phase con- 
tinue, un moyen de reduction de la resistance 
d'ecoulement et un moyen pourobtenir la fixation. 

13. Appareil selon la revendication 12, comprenant un 
point ou une zone de stagnation. 
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Fig.5. 



Circularity shape for factors for various outlines 




Circularity shape factors for ellipses 




13 



